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[^23 

^ 2 



MS 




Al tmtk 




-1 .20% 


7mA 


0.06 




0% 


12mA 


0.11 




+1.2% 


7mA 


0.21 





[0 0 2 93 

iiwAiasiio. i i <b^&v^\ Lit>isi^v>c ?io?iOM (-1.2% 
i^znzz tana**:,, — ffifciM (+1.2%) -ct+., l£ v*msK«t + iB:< 

v >i±*£ -e t iS5fflj^ & a^ii^M u - f^M^ai * i * ^ l t 0 
[0 0 3 oj 

ElSfi, A1IW0. 1 3 ttTOMii, 3lo3S»)M07fi.#cKB, AIM^O. 
1 3&T-??\<?m*)Mto1&J&$&mRU t A 1 ffljs£7&*0. 1 3 WT, 51 o?ft 0 SK#»t -5 1 . 3 
A< mftift (1.25^-1.35^) -C^^^TsrSB* I m Ga s A 1 , As 

#Pl<0«il-C*^o HI 6 Kisv^-C, I n G a A 1 A s l^pSOftjSlfc* 1 ( I n 
i-x- y Ga x AlyAs)^\ H (In : 0.53, GalO.34.Al : 0. 1 3) 
, I (In : 0.53, Ga:0.40, A1:0. 07), J ( I n : 0 . 4, Ga : 0. 
6, Al I 0) , K (I n : 0. 26. Ga : 0.74, Al : 0) , L (I n I 0. 4 
6, Ga:0. 41. A1I0. 13) 0«EHl*|Hi3 v^T, tt<Ofcm&*m&*45it* 
1 . 3 ft m#^-e<7)f&7fe^prf^^o/to J&L t ,£K t *%&&&<DfcM<D 

[0 0 3 1 3 

EI 5 OMUK&V^-C. *M ( I n : 0 . 38, Ga : 0. 58, Al : 0. 0 4) li 

tK^R^O^O+^^^tt^^-fo £N (I n : 0. 6 4, Ga I 0. 18, 

A 1 : 0. 18) IU it&W-V&t), A 1 ftJW©3:5£ttH!fcjft*jFl-o 
[0 0 3 23 
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%-±®L&tf\ . 3 6 M m~~ 1 . 4 9 M m(DMfti:ov>tlPltS 0 H6te, 1 
.3 6 - 1. 4 9 ^ mm^^Jli-^^^Oflit^^-ra^lEI-e^^o InGaAlAsi 
^#Pi<7)Mit ( I n 1 - x - y G a x A 1 y A s ) ^\ O ( I n : 0 . 7 6 , Ga : 0. 
IK Al : 0. 1 3) , P (I n : 0. 5, G a:0. 5, A 1 :0) , Q (I n : 0. 3 4 
, Ga : 0.66, Al : 0 ) , R (I n I 0.5 5, Ga : 0.32, Al 10.13) <D 

, jfeft^RflJ: t}IM^^ 0 jftOfcj&R**&*fctf>±2rtf>M«J±A 1 ««lt^i 
[0 0 3 3] 

H6 0&fi£EHC;fcV>-r, d?.S (In : 0. 6, Ga : 0. 34, Al : 0. 06) Stf 
,£T (I n : 0. 49, GalO. 45, Al : 0. 06) l*mtl<Dffi.mf k lomX$> & 0 

^14^7^i- 0 — ,£U (In : 0. 73, Ga : 0. 08, Al : 0. 19) RZF&V 
( I n : 0 . 46, Ga : 0. 35, Al : 0. 19) (i, it^MX*, A 1 fi^ ? # < 

, m&n&femzm&zmiTo 

[0 0 3 4 3 

dftt-c, *m<Dmi>m*M*mmz^^xm%Ltzo ^m^±m^-im^^m^> 
mmn. MM^^mfaitmT-iz&iizmimt mmiz^x.x-tftx&& 0 mmzmzM 
lx 1 npmmn<D?? y k^(±, 1 n p^s^^fi i n p mmz z. ti t \wm<r>it 

I nA 1 A sl^ttMUJ^lv^: tTOo X, sir 

c^^o^cotIc^^ Kl^ffli^:t ^>^p^^-e^>^ 0 
[0 0 3 5] 

^mx<nfcm%m*izts¥mmmw<vm$Lmz, mi zm^^x^fowizmm-tho 

-*5km<7>¥-mWitmi'te, I n PS1K5 0O±g|U^-& < t v£14ffit5 4 i:C:<7>_hM 

U |-.^<7)^ v ;y KiittSo 5 4 f±, Ctl i fRIfl LTifcii KfiT^Pfll 

i*£ir1-£o fi^^pgfi, aMfi^aROBiii^f) I n G a A l A s « twh v > ft & 
o ■*<PlBJ&MflV>#mii* ffl&Ltzmt)X$>Z> 0 mmrnit. -tCInGaAlAsI^' 

— «tic#p*f±4 nm^<b 8 nmill, Pf#Jlf±5 nmiH 0 n mflJ$75 s fflv^tL^ 0 
ffitti«5 4ti^5 7 KS©^« (5 1, 5 2, 5.^5 6 , 5 7) <DfflK^t>i® hitif 
■i KB 5 3 , 5 5 75 ? i$A£ft& C £ rt^lRItt JtlfJ KBt± I n G a A 1 A s 
til nGaAsP4Mv^#i4 0 ^c^-f KH(±, ISSi" * U S®Hf^** 
Kio^tiJ: <9*£ <B.ofSl4fiitO'?-ni *)/h$ vMi75 ? jl^£ft& 0 fttf-f KB 
Olf$l«fe2 0nmJ:M. 2^mf*S () gff $ ft£#1£tClS DT, Z\<D?tif 

4 vm\t i £*kirz>z.ti)*m%kz>o z\i Lt.iytffl£&it)izm-t&'g.%&-' tSL&)%&&n<Dm 

ffl^?W:H*i 0 - ft* 'CORWCti, u--f*i6t±:7 r 7''J •unfits ( 
Fabry-Perot Resonator) t?*$ft^:t?S-Cab***. ■£<nH&L<D&M&. t£"D FBI (Dis 
tributed Feedback) tfc^+^*5 0 dO*§^, A 1 £^/iJf^Mim{fc&*8* 
UHfCfc*, WKlCInGaAsPi^fflK -1 OJg t jlfe^g *>|M5K El 

[0 0 3 63 

ffiU±.U<r)?7v Kg(±, -o<7)jf-c&$ ft «»*>WCflMtS ft&*§£-*> 

0 mf^OTt^^ Kg 5 5©±H5C I n A 1 A s <b*£±g|$<7)^ KI5 6 £f£ 
ft, iO±U5tm^I nPiCU?77 Kg 5 7 £f£U"& WftM&0!)-C&& o 
l©^5y Kg(i, I nPI«IW7 7 Ki^i^f^tii^^^o lot, 

1 nPi1S±i:inPiS-xe^^yt;«f L, £ £ $ 1 O&KM * 5 y Kg , CI 
<0±SB^ I n A 1 A s B& X<n&BM<Olb 2<D9? v VMS 2 ZWf zm&itm&J&MX 

tBfiE#2 004-3001827 



mm 2003-415251 ^- v : 8/ 

[0 0 3 7] 

<^5&tEl50 1 > 

in 8 a, ^m<D i.3 M mw<DM&&&m¥mfei'-^m^<ou-^it(vm4T^mtic. 

it^ffiT'Oliat^^o #*&feJR£WB)£Ki£K «fc I), n - I n P^!£ 1 ±tC n - I n 
Pa'77712 (Si ft£ : 1X10 18 cm - 3 , 5 0 0 nmll) , n - I n o . 5 2 
Gao.o 8 AI0.4 0 Asf'f 3 ( 8 0 n mjjllf, I n Pifii:^!^, ifeg : 
9 2 0 n m, S i : 1 X 1 0 1 8 cm -3 ) L£fL Mi^pflSjfi 6 (9S 

JW) , T >.K- 7" I n 0 . 5 2 G a 0 . 0 s A 1 0 . 4 0 A s if 4 KJf 7 ( 8 0 n mflgJ?, 
I n P^j£Kt&T-^£\ r£S : 9 2 0 n m) , p-I no . 5 2 A 1 0 . 4 s As ^77 F 
H8 (10 0 nmll, I n P IMRKt&^SE^ Z n jftJS I 2 X 1 0 1 7 c m" 3 ) , p 
-InP?77Fl 9 (2 0 0 nm, Zn M I 2 X 1 0 1 7 cm -3 ) , p-InP^ 
77KI 1 0 ( 1 5 0 0 n mJHIp, Z n MM I 8 X 1 0 1 7 cm -3 ) , p-InGaA 
sn>^^ Ml l (200 nmli, I n P2M£Kt& : ?-ME£\ Z n I 2 X 1 0 1 9 
cm - 3 ) SrAfcfcjftftLfco ft* iftfeMfi^F flt& 6 tt , no .3 8 Ga 

o.seAlo.oeAs MmT-#P1 4 (11 1-1.0%, 8 n mlf) , T > K— 7° 
Ino.52Gao.1eAlo.32As Pf MM 5 ( 1 0 n rail, I n P SfitjS^S 

: 1 0 0 0 nm) •ei«$tis„ 

[0 0 3 8] 

f<^^, K7^ x^f L < li^x^ hiyf>^i:j:»), > -tf^ h7^7l 2 *■ 
MfiZ-f&o ^V) Y U -7<Dmm* , F e K-7°I n P&jgtfcJB 1 3 (FefltJ^ : 2 X 

1 0 1 7 cm - 3 ) J; V) s#&A,£f 0 HtCpffllSflil 4, nfflmSl 5 fc^ft, l^-if 

[0 0 3 9] 

#§&9J Itlt Ino.6sGao.11Alo.21A sli^#pi (11 

:+1.0%, 8nmflIJ¥) ^fflV^^a^^MW-^f^lCjt^, l^--f'OL^v^mvl 

*&fis*SK?5i*5- 0 %if7C-r« £ -eoWf^-efFifi U5fc"' 0 :'"i^*S*r"I n G a A I A s^Cfev^' 
Xi>I nGaAsPltBIOl 0 7?B#HgcOfiJ|)Hg £ fc c ffi, a*ji*M« 

[0 0 4 0] 

<WJ2 > 

BI9MU p - n S:»ii>&**fcffiv>fc I n PffiA&*l^tft:i/-f t?-0 

[0 0 4 1 ] 

±8E*ifce9 t mm, n-InP mB. l±Cp-I nP??7 KJf 9 i -e&««&, * 
Xh7^f7°l 6 ZJtZJ&Lfco *<D&, p - I n PS*&*JB l 7 (if8 0 0 nm, Z n 
MS. JXIO 1 7 cm" 3 ) , n-In PMtb&frm 1 8 (§|/¥ 4 0 0 nm. Si jftj* 
: 2 X 1 0 1 8 c m" 3 ) &MJ&Ltz 0 3gU, P -InP777F|19, p - I n G a 

o 

[0 0 4 2 ] 

«Jco*#£-{Cf±, p-I n PrnKMiMffiMti, Mib&frmv) p / n / p m&fc <£ *) mil 

t5o 3(7)^, ^J-e(i Ino.68Gao.11Alo.21A siii 1 ^! (MS : 
+ 1.0%, 8nmIS) «rfflv»fca*a*fflU'— ifJR^-UJt^, l/-fOL|^Hi 

[0 0 4 3 ] 

tBSE#2 004-3001827 



#11 2003-415251 



9/ 



<mmm3 > 

[0 0 4 4] 

^m£m^fflJ&&mi<Z£ *9 , n-InPlfiUC n-InPA 7 77|2 ( S i Wk 
1X10 1 8 cm - 3 . 500n mJHJ?) . n-Ino.52Gao.osAlo.40 
A s if 4 K« 3 ( 8 0 n mif, I n PStCM^^ v£K 1 9 2 0 nm, S i mm I 

i x i o 1 8 cm" 3 ) m ttife, mm^pmrn. 22(9 mm) , 7 y v- ■? 1 n 

0.5 2 Gao.o 8 Alo.4 0 Asif'f KJg 7 ( 8 0 n mlf, I n PSti:|&^I^ 
,*ft: 9 2 0 nm) ^ftiL/:ll 1 i MoiflU i <9 ^--^ft^t^^SSi 

L£ D ft, Htfie^fiT-^pfftit 2 2 fi, 7 ^ K- 7* I n o . 3 s Gao.s e A 1 o . o 6 
A s iIf#Pi 4 (M : - 1 . 0 %> 8 n mllf) , Z n K- "7 I n o . s 2 G a 0 . 
1 e A 1 0 . 3 2 A smmm 2 1(10 nmll^ I n P*«Uf£^£\ I 10 0 

0 n m, Z n?lJ^ : 5 X 1 0 1 8 c m" 3 ) -ef?|J&$ft&o 
[0 0 4 5] 

IfmmyhZkt LTJi, HM^IJ 1 t HflUC Ino.6sGao.iiAlo.2iAs3i 
i^^^/i (Mfi: + 1.0%, 8 n mlf) Z m^*fzm.ft&&m 1/ --f HT-Kit^, 1- 

Ino.68Gao.11Alo.21A slff^Pi (Mfi 1 + 1.0%, 8 n mlHI 

m) -eti> pm^mv-7Mik^L'ci>mmMMmfem mfummm-mmm^mn^ 

JimzitM) t± 3 mmm<7>m±X$>^ tzfiK *5&W<D Ino.ssGao.seAlo.oe 
Aslf : F#pi4 -1.0%, 8nmll?) "Cii, p M^M K~ -/fllit t 1" £ 

ch^ctO, ^fntSKj^vS^:^ 5#Jii^:-e^^o :o:ti:j:or, itM'lSi^-fi 

[0 0 4 6] 
[^3] 



3 







Kcm 2 ) 








-1.20% 


1x10 15 . 


2.3x1 0 15 




0% 


0.45x1 0 15 


0.86x10 15 




+1.2% 


0.9x10 15 


1.5x10 15 





[0 0 4 7] 

ft, pi K-^Mli, 2xi0 18 cm- 3 iHxi0 19 cm- 3 cd|£H£^1- 
& 0 ±IE^M15!)-e(i pi K-'O h t LTZ n m<0 p S K-yr/ h x~$>2> C 

^Be(^U Ua7A)if$rffl^ti^V> 0 £ fc, F-^>hOitS, «^ 
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, I n G a A 1 A s «OH«tCov»T ti*«|flFtC*3V»T * 4 -5^ < tetkL K < IC^«S 
£ L^o 

[0 0 4 8] 
<^M1liJ4 > 

*flUi, ffittiWiaS*n . 3 6 fi m- 1 . 4 9 ^ mK*******?-^-*-*:*:*! 
9jof&j-T?£>£ 0 --)L£®u±, ^^^T^-^fflSije^asi^ 1 • 4 8 ,« mi:^^ 7 T 

[0 0 4 9] 
[0 0 5 0] 

in 6 *4orittWLfcji«9, ini- x - y Ga x Ai y A sttXFmnm.j&.miz&r,* 

T, A 1«^0. 1 3WTt, ±fBr£S^ IS T'^S&;)fc£iti£T- *LJftJt**0 
( I n : 0 . 76, Ga : 0.1 K Al 10.13) , P ( I n : 0. 5. G a : 0 . 5 , 
A 1 : 0 ) x Q ( I n : 0 . 3 4 , Ga : 0.66, Al 10) , R (I n ! 0. 5 5, Ga 
10.32, Al 10.13) <r>mmfo~e&Z> 0 ft, 1.36-1. 4 9 M mftizts^XK 
I nGaAsTt^t*^, I n G a A s Xl*M& t mm fcttjtKWWPT? § * v> 

a A 1 A s Lv^ Q 
[0 0 5 1 ] 

#«*-Cld\ **frl^-^*^W««tttt*ffi*WJ«^:t=fliv^bi-*>5:*, I no . 7 
sGao.osAlo.nAsJ;!) (Mfi : + 1 . 0%, 8 nmBglp) 

fcffiv^fcSA.&^SU-^^KJfc^ «J-C(±, i^m^Bf (^lf3 0 0mW) O^T- 

[0 0 5 2] 

x; 5-1 n Pitimz-fiit^s^, p — i n p*«±ou--»ffltjg-e<> 

&v> 0 IC, I n G a A 1 A s REM**"^ Fi©aSi:o^tli, 10 0 0 

nmt Ltzl)m<0®.l8.X*i>Jk< , «9 I nGaAsP|*ffiv^:t & nJ" 

o #PiOlH(:o^tk *^life«-e»±8 nrat?4S^ ^T-#t£?>,£^<b 4 nm~ 1 

* JB v»T v» £ ri*, fllol * ft^i&x- \£ 9 * v - ^ 5 # - A i tf 

[0 0 5 3] 

<^WJ5 > 

y a - ;P Cflt L I <7)tt«&¥I@t^ ^ o |12li-e^7^> h«*OiSfaBI-C** 
0 ^ya-iKO^r-^ 4 0 ^S&HB^fc* I n G a A 1 A s Tk^W V —*fm=f- 
4 2**JR«l$ir*o ^##P--if*^4 2l±t7'v-)>h4 3^}§ft$*i, 
> h 4 3 fiEfJeO l^-^«cffl3fe«4 1 -h^I£g$ftTv^ 0 ;oiJ||-cii, 

2 0-^comS(i, ^7 K4 5 X *) 7 >f ^ 4 6 ^^Lt'J -K4 9 IfeTJOm^ 
(i, 7>f ^4 7 ^^Ltl/-fMffli«4 1 i:»«SftTV>4 0 'J-K49(±y-X4 
0^C?l^$*iTV^o f^, *f«ttfl§a&K4 1 - K4 8 fc«BR$*i, ^ 
-X 4 0 0^8Btc5l§WSnr^So Z<DMiz&bti2> X n nG 
a A 1 As^iftk-ffT-^lv^^tCio-C, jiWW-fjtlKELtv^it 

'a) o 
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[0 0 5 4 ] 

t-24 £jILT^l&lp]?£2 5«tSo ^mtHi^SO*- * -fflSjt*^F- 4 4 TO 
fr55-ri s J§|ii&08&2 5 -f - K/n' v * $*LTfHg£*L*o m^it2 7 (il/>X2 8 &iIL 

[0 0 5 5 ] 

^fgB^oi n G a A 1 A s^Sa6^M^2»#P--9-'^^fflv^c5plJ*i: LT(±, I n 
G a A s P^ffl*3i*S[*j»#:i/--»f»iJt^, *Sfflfci3»t4 1/ —*r&&<n£iti!fi4?% 

t) ? ^&v>£#>, SCSitjhSr'JK'Ki: Lfcv»j£t?ab3o 
[0 0 5 6] 

^«T^v^:tya-JM:*v>t I n G a A 1 A s 3hX<Ditm\±*SifcX& , 
[0 0 5 7] 

[mi] ei i ^mkmm<omm^mmmxh^o 
mx$>& 0 

[IH4A] (14A{± > I n G a A l A s I B B B Ci3lt4il-ew/0 K+> « t 

[hub] m4Bj±, mmt^^m^mi^m^TF-rmx^^o 

ims] (H5(i, Ultg 1 . 3 ^ m^lcfc^T, ^H^O^^pTtfe^lEH^^i- 
. . I n G a A 1 A s m.J&mi?*>& 0 

[HI6] i6 (±. S&ig&fi 1 . 3 6 - 1. 4 9 mm(3i5V^T, ^Bgo^Jfe^nTf^ 
&!aH£^i- I n G a A 1 A s HI T & & 0 

[13 7] @7li, ^#|B^O^a»#:fI^#0^x^^^-rif®ll-e^^o 

[@8] [18(i, ^m^m 1 O^MWO#^^;^^-C0^--if^(7)ii ; ?f^[6]^^^ 

■t h mx<vm mmx$> & 0 

[mi o] mi of±, *§tm<vm 3 <DnMm<D*mi$-±m^<vu-^±<nmT?i&}^ 
[ii2] mi 2i±, ^mn^m5<Dmmffl*7Fi-*iS3--)v<D£mmx*$)Z>o 

[0 0 5 8] 

I I n - I n P mfc, 2 I n-InPAy77|, 3 ! n - I n G a A 1 A s if 4 YM > 

4 : 7> K-y I n G a A 1 A s ^S^pJl, 

5 : 7 y Y- -7 I n G a A 1 A s W&M, 6 : MS^PWiiU 

7 : T > K- -7° I n G a A 1 A s ii W K«, 8 : p-InAl As^yKi, 
9:p-InP^77 Kg, 10:p-InP?77 Ym, 

II :p-InGaAs3^^ni, 1 2 : h^^fT*, 

13 :FeK-7*In PBJJSJftS, 1 4 : nlll, 1 5 : pflffi, 

16 :>tXF7^^, 1 7 : p-I nPt*^i, 18 : n-InPS*Ml, 

19 I p-InP^77Fi, 20 ! p-InGaAs3>^ni, 

21 : Z n F-7*I nGaA 1 As KM, 2 2 : li^#pii, 

miiE# 2004-3001827 
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2 3 : 2 4 : 2 5 \ JfEtfrEJi®, 

2 6 : ^=-9 -m&itmi-. 2 7 I im^rit, 2 8 : 29 :*7 r ^/<- 0 
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[13] 



m 




[S4 A] 



4 A 



m 



lf#FIWli (5lo»*J2) 



tbliE#2 0 0 4 - 



3 0 0 18 2 7 
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[H4 B] 

Ml A B 
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4/ 



[@5] 

SI 5 



AlAs 
G 




A (In: 0.87, Ga: 0, Al: 0.13) 
B(ln: 1.0. Ga.O, Al: 0) 
C(In: 0, Ga: 1.0, Al: 0) 
D(ln: 0, Ga: 0.87. Al: 0.13) 
E (In: 0.52, Ga: 0, Al: 0.48) 
F (In: 0.53, Ga: 0.47, Al: 0) 
G (In: 0. Ga: 0, Al: 1.0) 
H (In: 0.53, Ga: 0.34, Al: 0.13) 
I (In: 0.53, Ga: 0.4, Al: 0.07) 
J (In: 0.4, Ga: 0.6, Al: 0) 
K (In: 0.26, Ga: 0.74, Al: 0) 
L (In: 0.46, Ga: 0.41, Al: 0.13) 
M (In: 0.38, Ga: 0.58. Al: 0.04) 
N (In: 0.64, Ga: 0.18, Al: 0.18) 
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O (In: 0.76, Ga: 0.11, Al: 0.13) 
P (In: 0.5, Ga: 0.5, Al: 0) 
Q (In: 0.34. Ga: 0.66, Al: 0) 
R (In: 0.55, Ga: 0.32, Al: 0.13) 
S (In: 0.6, Ga: 0.34, Al: 0.06) 
T (In: 0.49. Ga: 0.45, Al: 0.06) 
U (In: 0.73. Ga: 0.08. Al: 0.19) 
V (In: 0.46. Ga: 0.35. Al: 0.19) 
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#11 2 0 0 3 -4 1 5 



071 



m 7 





54 

53 
52 
51 



[H8] 



HI 8 




im9] 
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m 9 



^-vl 7/ 
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4$H 2 0 0 3 -4 1 5 2 5 1 ^- V \ 8/E 

aii] 

m 1 1 




49 U - K 




mtiE^F 2 0 0 4 - 



3 0 0 18 2 7 
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[mm 

[MM] I n G a A 1 A s ^<7)S#&<^M U -+P'T?f±^T-#tt<7)[6]±^f# £ ti£ 
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s< - v : i 
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m K A 



fi If 



tt 8U # [000005108] 

i . a 1 9 9 0* 8^3ib 



ttS SE#-^ tB|E#2 0 0 4 - 3 0 0 1 8 2 7 



^-v: 2/E 

mm 2003-415251 
liJ I A I I f i 



1^- [301005371] 
1 . ^H^J! B 2001^3^160 



tBliE#^- aifEf 2 0 0 4 - 3 0 0 1 8 2 7 



